A management programme is described for a small colony of Obese strain (OS) chickens afflicted with spontaneous hereditary thyroiditis. Animals of this White Leghorn line are used as an animal model for Hashimoto's thyroiditis of man to study possible mechanisms of autoimmunity in general and organ-specific autoimmune diseases in particular. Due to the severe mononuclear cell infiltration of the thyroid glands, OS chickens show symptoms of hypothyroidism, including small body size, subcutaneous and abdominal fat deposits, long silky feathers, small combs and wattles, cold sensitivity, low fertility and poor hatchability. Successful breeding of this line, especially in a small population, can therefore be done only if rigid precautions are taken in aspects of animal care. The selection of breeding stock, the principal requirements for adequate housing and food, the artificial insemination procedure, and recommendations for collecting and incubating chicken eggs are reported in detail. Precautions necessary during the incubation of fertilized eggs, and fertility and hatchability are reported. During the hatching period several specific features must be considered. The important role of staff involved in a small chicken breeding unit is emphasized.
In most biomedical research programmes small rodents, such as mice, rats, guineapigs and hamsters which have been bred and housed under optimal, standardized environmental and defined hygienic conditions, are used for a wide range of scientific purposes. However, the domestic fowl (Gallus domesticus) is not used for biomedical research in such large numbers due to its supposed lack of suitability as a model for human physiological and pathophysiological conditions. There is also a lack of adequate housing facilities, such as air conditioned rooms, sufficient space, appropriate cages, age-related light-programmes, etc. and insufficient e~ucation of the animal technicians in the husbandry of chickens (UFA W, 1976 , Hilbrich, 1978 .
International standards, recommendations and guidelines exist for optimal and successful breeding and housing of chickens for experimental purposes (Fox et al., 1984 ; Committee on Care and Use of Laboratory Animals, 1985) . The production of chicken meat and eggs as a high protein food for humans and animals is the main commercial use of domestic fowl, with the animals being selected and bred as broilers or layers. Nevertheless, optimal species and agerelated housing conditions are prerequisites for chicken breeding both for commercial and scientific purposes, but in many cases alterations are required because of genetic modification or hereditary and spontaneous diseases. The peculiarities of several chicken lines or sublines are maintained by appropriate housing, breeding and selection of proper animals.
The Obese strain (OS) of chicken is a well established animal model for a human autoimmune disease, Hashimoto's thyroiditis (Hashimoto, 1912) , as it develops a hereditary spontaneously occurring autoimmune thyroiditis (SAT) (Cole et al., 1968; Wick et al., 1974) .
The OS of chickens is a White Leghorn line and was originally developed from the Cornell C-strain (CS) in the late fifties and described by Cole (Cole, 1966; van Tienhoven & Cole, 1962) . The clinical symptoms of hypothyroidism were first observed in a few « 10,70)female CS chickens but after selective breeding cocks also developed clinical signs of hypothyroidism, in agreement with the recent observation that sex hormones playa modulatory role but are not an absolute prerequisite for the development of SAT (Fassler et al., 1988) . Later on the usefulness of the as as an animal model for Hashimoto's thyroiditis of man stimulated numerous further investigations into possible mechanisms of this organ-specific autoimmune disease.
The relatively small breeding colony in our animal rooms at the Central Laboratory Animal Facilities at the University of Innsbruck, Austria, has been separated for more than 16 years from the chicken flock of the Cornell University, Department of Poultry and Avian Sciences, Ithaca, New York. During these years, genetic drift and a predominant selection mainly based on serological parameters (ie anti-thyroglobulin auto-antibodies-TgAAb) had drastically influenced the Innsbruck OS colony. An important factor in our breeding strategy is that we always have been without adequate space for the enlargement of the colony. In the past we relied on commercially available cages for breeding and housing the birds and we were able to maintain a colony of about 40-50 hens and 6-8 cocks. These parental birds produced embryos and chickens for experimental work as well as replacement breeding stock. The low number of parents and their selection mainly on the basis of serological data instead of productivity and phenotype led to a dramatic reduction of egg production, fertility and hatchability over the last 2-3 years.
This paper describes a reorganization programme intended to improve the housing, Dietrich breeding and selection procedures of OS chickens in a small colony. Various unique features are emphasized and attention is focused on adequate selection and gentle handling of acceptable cocks and hens as well as ejaculates and eggs.
Housing of OS chickens
For the first few weeks after hatching housing conditions similar to those in commercial chicken flocks were used. Adequate space in relation to age was provided (Fox et al., 1984) and a programme of daily cleaning and twice-monthly disinfection was followed. A ventilation rate of 12-15 air changes per hour was maintained.
Light programme
A controlled light programme for growing chickens, recommended for in commercial chicken flocks was used (Hilbrich, 1978) . To induce sexual maturity (Schutze, 1961) the light phase was lengthened from 10 to 15 hours after the second selection step (see below) for 20-weekold OS-birds. The animal rooms were illuminated with artificial light at an intensity of about 100 lux at 2 m from the floor from 0500 to 2000 h.
Room temperatures
Because of the hypothyroid status and therefore the cold sensitivity of 5-6 week old OS chickens the room temperature was kept at 26-28°C during the growth period. After the second selection step for 20 week old OS birds the room temperature was reduced to 22-24°C and also retained in this range for laying hens.
Food
For the first 3 days after hatching the chickens received bruised corn and qpartz sand as a starter food. During the following 8 weeks commercial chicken food 0-1 (Pillermiihle, Austria, registration number A 3403) containing 180,70 protein, energy 11·5 MJ Ikg and amprolium as a coccidiostat was available ad Iibitium in troughs. From the age of 8-20 weeks 0-3 food (Pillermiihle, Austria, registration number A 3402) for growing chickens (protein 140/0,energy 11 MJ/kg) was used. After the second selection step (see below) the birds were fed with commerciallaying food G-5 (Pillermiihle, Austria, registration number A 4209) containing 170/0 protein, energy 11· 2 MJ/kg. To aid eggshell formation crushed eggshells were mixed with the laying food. To alleviate the symptoms of hypothyroidism, the laying food was supplemented with 100g/ 1000 kg (100 ppm) protamone (iodinated casein, Agri Tech. inc., Kansas City, Missouri, USA; lot Sp-790917) which is metabolized to T3 and T4. Protamone contains 7% total iodine, of which 1% is inorganic and O' 65% is incorporated into a thyroxine-like component (personal communication, Burns, Agri-Tech, 1973) . As an alternative to prot amone supplementation, thyroxin (T4) can be used, but in this case a premix of 1g per kg food had to be produced. This was then mixed with 4000 kg food to give a final concentration of 250 p,gT4/kg food (Sundick et al., 1979) . Fresh drinking water was offered ad libitum by an automatic nipple system.
Cages
The commercially available cage systems were not suitable for our purposes in respect to cage size, cleaning procedures and floor wire design.
Male and female OS birds were housed individually after the first selection step (see below) at an age of 10 weeks. In our laboratory we designed and manufactured suitable cages for the individual housing and suitable handling of birds. A rigid frame of aluminium bars held large cage units (1200 mm length, 500 mm breadth, 620 mm height for cocks and 420 mm for hens, respectively) made from galvanized wires. Stainless steel wires served as flooring which had a slight slope of 4 0 to allow the eggs to roll off. The front floor area was bent to prevent the eggs from falling and breaking. Each large unit consisted of four identical subunits, each with a floor size of 30 x 50 cm (larger than those for commercial purposes) in which cocks and hens were housed individually. To prevent an egg rolling to another hen all cage subunits were strictly separated from each other by a 60 mm high aluminium panel. Sliding galvanized wire doors 347 permitted easy handling of birds. Aluminium troughs for food were placed at the front of the cages and at the back a commercially available automatic nipple system offered fresh drinking water. Tar-coated paper was placed below the birds to remove faeces.
Selection procedure of OS chickens The purpose of the procedure was to establish a colony of cocks selected for semen production and hens chosen for egg laying. In the past, the selection criteria applied in the Innsbruck colony of OS chickens had been based preferentially on serological parameters and blood typing for the major histocompatibility complex antigens (MHC). Thyroglobulin-autoantibodies (Tg-AAb) in the sera of 1O-12-week-old birds had been evaluated using a specific enzyme linked immunosorbent assay (ELISA) technique (Kofler et al., 1984) .Precipitating Tg-AAb had been determined by double immunodiffusion (Witebsky et al., 1969) . For the determination of the MHChaplotype specific antisera were raised against surface determinants of chicken red blood cells (Hala et al., 1980) and all OS birds were monitored for the haplotypes B13BI3,B5B5 and B15B15. Phenotype OS characteristics and laying ability had been given much less weight in the course of the selection procedure in the past than Tg-AAb titres, therefore, strict records of individual egg production, egg weights, fertility and hatchability of chickens had not been sufficiently emphasized for several years. Only the total egg number of a small breeding group (one cock and 5-8 hens of the same haplotype) had been recorded and not the individual egg production for every hen.
In 1987, in cooperation with Dr RK Cole, we started to apply selection criteria which he used successfully in the OS breeding flocks at Cornell University in Ithaca, New York. The use of these recommendations required extensive changes in the selection scheme, the housing conditions and the breeding procedures in our OS breeding facilities.
The new selection procedure used a two-step classification of OS birds at 10 and 20 weeks.
In the first step body weight, feather structure, and comb and wattle development were classified for each lO-week-old cock and hen. Those animals whose hypothyroid status was clearly reflected by their small body size, long silky feathers, small combs and wattles and accumulation of subcutaneous fat deposits were classified as (2 + ) and housed individually from then on.
Those birds which showed normal development of a White Leghorn fowl or in which the as characteristics were not seen so distinctly, were classified as negative or I +, respectively, and thus eliminated.
All birds showing the characteristic as phenotype were re-selected in a second classification step at 20 weeks, for the expression of the typical as phenotype (Fig. 1 ). In addition, the results of the serological tests (Tg-AAb-titre) and of blood typing (MHC-haplotype) were considered.
For every individually housed as hen the day of the first laying as well as egg weights and the Dietrich number of eggs layed were recorded and for every as cock the quality and quantity of the ejaculate were determined to confirm the accuracy of the selection for suitable breeding stock.
Breeding of OS chickens Artificial insemination
Either natural matings or artificial insemination (AI) were used to produce large numbers of chickens for use either as experimental animals or replacement breeding stock. The use of AI allowed records of the productivity of cocks and hens. Semen and egg production and the number of embryos and hatched chickens were recorded for each bird. Semen of the selected cocks was collected individually in glass tubes by stroking over the cock's back and lumbar region and applying a slight pressure on both lateral sides of the cloaca to assist ejaculation. Frequent and well-performed semen collection procedures under standardized conditions established a Fig. 1 . Female OS chicken (right) (20 week old) compared with age-matched healthy normal White Leghorn hen (left). Note phenotypical OS characteristics such as small body size, long silky feathers, small wattles and comb (delayed sexual maturation). reflex-mechanism (Pingel, 1968) aiding ejaculation. The volume of the ejaculate, its colour and possible contaminants like blood, dust, epithelial cell desquamations or feathers were noted (Mehner, Hartfiel, 1983) . Occasionally, samples were examined microscopically and the mobility of the spermatocytes was determined, as well as their density and the occurrence of pathological forms (Pingel, 1968) . Low quality semen with decreased viability Oessthan 50ll/o)or with a poor mobility of spermatocytes, as well as contaminated ejaculates were not used because of the increased risk of causing acute endometritis in the hens. Freshly collected, undiluted semen in aliquots of O' 1-0' 3 ml were gently placed into the uterus of selected hens using 1ml syringes. Artificial insemination needed to be carried out twice a week to get a high degree of fertilization (Kusner et al., 1961) .
Collection and storage of eggs
Eggs were collected daily. On Sundays and holidays 1-2 collections were made, but on working days eggs were collected 3-4 times a day. This was necessary because of the relatively high room temperature which might induce the growth of the embryo, the contamination of the eggshell with dust, faeces and microorganisms as well as the tendency of some hens to peck and break their eggs. All eggs were collected and the wing tag number of the hen, the MHC-genotype and the collecting date were marked with a pencil on the eggshell. The marked eggs were stored in the cool under the optimal conditions of 16°C ± 1°C and 60-70ll/o r.h. with the blunt egg pole upwards. Storage time was limited to 14 days under these conditions as embryonal mortality increased drastically with longer storage.
Incubation of eggs and hatching of chickens
During incubation, standardized, optimal conditions for temperature, relative humidity and turning of the eggs every 4-6 h around their longitudinal axis were observed and recorded daily. On embryonic day 8, all eggs were candled and the number of fertilized eggs (F), embryonated but dead eggs (embryonal mortality = 349 D1) and non fertilized eggs (N) were recorded for every hen. Before transferring eggs into the incubator for hatching on embryonic day 19, the fetal mortality rate (= D2) was also recorded.
Separate hatching units (12 X 11 x 6 cm) were made of plastic material. One to 3 eggs were placed into each compartment that was covered with a fitting steel-wire lid to prevent the escape of the hatched chickens. In the incubator the hatching conditions for temperature and humidity were optimized as described by Hilbrich (1978) .
When the hatching chickens had pecked a hole in the shell, it was tapped slightly by hand in a circle radiating from the hole to weaken the shell. This alleviated the energy-consuming hatching process-especially for the weaker chickens. More artificial assistance, such as cracking the eggshell and pulling out the chicken, is not recommended as this may cause rupture of blood vessels and death from haemorrhage. Also, mechanically induced lesions of the navel often led to infection, intestinal prolapse and bleeding. It was also found that the majority of those chickens which needed a great deal of assistance in hatching later showed severe general functional lesions, like disturbed gait and difficulties with excretion. In many cases, the chickens were unable to sit and move in a physiological manner which caused limb and body deformities and skin erosions, predominantly at the tarsal joints. Frequently, food and water consumption were also impaired and these chickens generally died during the first few days of life.
On the day of hatching the combs of all chickens were trimmed with scissors to avoid the large combs of adult males. This was necessary to prevent mechanical injuries by cage wires, leading to increased risk of infections and necrosis of comb tips otherwise frequently seen in older roosters. In addition, large combs have a tendency to flop to one side and cause difficulties in closing the eyelids.
All hatched chickens were marked by two wing tags fixed in both wing webs. The date of hatching and the wing tag numbers and haplotype of both parents were recorded accurately and these records were used in the selection of suitable future breeding stock.
Discussion
Chickens can be used as laboratory animals for a wide range of biomedical purposes. For genetic, immunological, endocrinological, pharmacological, haematological, metabolic, behavioural and other studies the chicken seems to be a suitable laboratory animal species. One cock and hen produce numerous full-siblings. Sexual maturation 5-6 months after hatching gives a relatively short generation time and for ontogeny studies the chicken embryo can be handled and treated in ovo by various methods. Obviously, in the case of the as with autoimmune thyroiditis the immune system plays a crucial role in the pathogenesis of this organ-specific autoimmune disease. The primary lymphoid organs, the thymus and bursa of Fabricius (Cooper et al., 1966) are anatomically separate in the chicken. Therefore, the effects of drugs (Verheul et al., 1986) , or .surgical procedures on B-and T-cell functions (Wick et al., 1970) can be studied separately. The function of the lymphocytic subpopulations in the pathogenesis of the disease was extensively investigated in the as (Wick et al., 1981 (Wick et al., , 1982 (Wick et al., , 1985 Kromer et al., 1985a Kromer et al., ,b, 1987 .
The as was originally developed from the Cornell C-strain which carried the MHChaplotype B13B13. Later on B5B5 chickens were found to be also afflicted with SAT. In the Innsbruck colony also as birds typed as B15Bl5 developed autoimmune thyroiditis. The role of the MHC on the development of SAT (Bacon et al., 1974) was found as a modulatory effect and not as an essential factor for the disease (Wick et al., 1986) . Recording of phenotype and MHC as well as important physiological parameters, like body weight, egg production, egg weight, fertility and hatchability are now strictly recorded for individual animals. Also, the professional performance of semen collection, artificial insemination procedure and gentle handling of parents are further principles of successful breeding. Macroscopic and microscopic examination of semen quality and records of egg productivity (egg numbers, egg weights) are important factors for selection of suitable breeders as are fertility and hatchability.
Closely related to gentle handling of chickens is the management of hatching eggs, including frequent early collections, accurate marking, optimized storage and incubation conditions and recording of related events. During the incubation period the requirements already described have to be fulfilled. It is also necessary to record egg numbers per hen, fertility rates of eggs, embryonic and fetal mortality and hatching rates on an individual basis for both cocks and hens. During the hatching procedure, optimal conditions of temperature and humidity have to be maintained. Careful assistance in eggshell tapping as well as comb trimming and the marking of newly hatched chickens by wing tag numbers on both sides represent important achievements for a successful breeding of as. acknowledge our animal technician staff for helpful assistance in caretaking and handling animals and breeding eggs, Mr Alfons Zwerschina for designing and manufacturing the chicken cages for individual housing, Mrs Ilona Atzinger for preparing the figure and Ms Sharon Ehm for secretarial assistance during the preparation of this paper.
